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SINGLE PASS CORONARY VENOUS LEAD
FOR MULTIPLE CHAMBER SENSE AND
PACL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Provisional Applica-

tion No. 62/258,392, filed Nov. 20, 2015, which is herein
incorporated by reference 1n 1ts entirety.

TECHNICAL FIELD

The present invention relates to medical devices and
methods for stimulating/sensing a patient’s heart. More
specifically, the invention relates to devices and methods for
stimulating/sensing the left atrium, right atrium, left ven-
tricle, and right ventricle of the heart in a minimally-invasive
manner.

BACKGROUND

Implantable medical devices, such as electrical stimula-
tors or sensors, are used 1n a variety of therapeutic applica-
tions. In some 1mplantable medical devices, an electrical
stimulator or sensor delivers electrical pulses to a target
tissue site within a patient with the aid of one or more
medical leads. The medical leads are coupled to the implant-
able medical device at one end while the other end carrying
clectrodes 1s placed at the target tissue site. Historically,
different target tissue sites have been selected for different
therapeutic applications. The electrodes may be used in
stimulating and/or sensing applications.

SUMMARY

In Example 1, a method of pacing of a patient’s heart
using a single pass implantable lead, the method comprising;:
positioning a proximal region of the single pass implantable
lead such that one or more proximal electrodes are posi-
tioned 1n the coronary sinus and/or great cardiac vein of the
patient’s heart; positioning a distal region of the single pass
implantable lead 1n a coronary vein of the patient’s heart
such that one or more distal electrodes are situated adjacent
to an intraventricular septum of the patient’s heart; electri-
cally connecting the single pass implantable lead to a pulse
generator or implantable medical device; sensing an atrial
and a ventricular signal of the patient’s heart via at least one
of the proximal electrodes and the distal electrodes; select-
ing at least one distal electrode having a right ventricle and
left ventricle pacing threshold near a designated pacing
threshold; transmitting a pacing signal to the patient’s heart
via the selected at least one distal electrode, the transmuitted
pacing signal causing a desired contraction of both the right
ventricle and the left ventricle.

In Example 1, an implantable medical system comprising,
an 1implantable lead and an implantable pulse generator. The
implantable lead includes lead body defining a proximal
region and a distal region, the proximal region including a
plurality of proximal electrodes positioned on the lead body
so that at least one of the proximal electrodes can be
positioned 1n a coronary sinus or great cardiac vein of a
patient’s heart, the distal region including a plurality of
distal electrodes disposed on the lead body so that at least
one of the distal electrodes can be positioned within a
coronary vein proximate an intraventricular septum of the
patient’s heart. The implantable pulse generator 1s config-
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2

ured to be electrically coupled to the implantable lead, and
includes electronic circuitry configured to cause a pacing
signal to be delivered to the patient’s heart via at least one
selected distal electrode of the plurality of distal electrodes.
The implantable medical system 1s configured so that the
pacing signal delivered via the at least one selected distal
clectrode can capture both a rnight ventricle and a leit
ventricle of the patient’s heart, wherein the at least one
selected distal electrode 1s selected based on right and left
ventricular pacing thresholds associated therewaith.

In Example 2, the implantable medical system of
Example 1, wherein the distal region of the implantable lead
1s configured to be positioned within an anterior coronary
vein of the patient’s heart.

In Example 3, the implantable medical system of
Example 1 or 2, wherein the right and left ventricular pacing
thresholds associated with the at least one selected distal
clectrode are below a designated maximum pacing threshold
value.

In Example 4, the implantable medical system of any of
the preceding Examples, wherein the implantable lead and
the implantable pulse generator are configured such that a
first one of the plurality of distal electrodes has first right and
left ventricular pacing thresholds associated therewith, and
a second one of the plurality of distal electrodes has second
right and leit ventricular pacing thresholds associated there-
with, and wherein the at least one selected distal electrode 1s
the first one of the plurality of distal electrodes or the second
one of the plurality of distal electrodes.

In Example 3, the implantable medical system of any of
the preceding Examples, wherein the at least one selected
distal electrode 1s operable as a right and leit ventricular
pacing electrode.

In Example 6, the implantable medical system of any of
the preceding Examples, wherein at least one distal electrode
1s operable as a right and left ventricular sensing electrode.

In Example 7, the implantable medical system of any of
Examples 4-6, wherein the at least one selected distal
clectrodes includes the first one of the plurality of distal
clectrodes and the second one of the plurality of distal
clectrodes being configured so as to be operable, 1n combi-
nation, to pace the right ventricle and a left ventricle of the
patient’s heart.

In Example 8, the implantable medical system of any of
Examples 4-7, wherein the implantable lead and the
implantable pulse generator are configured such that the first
one of the plurality of distal electrodes and the second one
of said plurality of distal electrodes, 1n combination, have
associated therewith right and left ventricular pacing thresh-
olds that are less than the right and left ventricular pacing
thresholds associated with the first and the second one of the
plurality of distal electrodes, individually.

In Example 9, the implantable medical system of any of
the preceding Examples, wherein a first group of the plu-
rality of proximal electrodes 1s disposed along the implant-
able lead distal to the one or more proximal electrodes
disposed so as to be positionable 1n the coronary sinus and/or
the great cardiac vein of the patient’s heart, and wherein a
first one of the first group of the plurality of proximal
clectrodes has a first left atrial pacing threshold associated
therewith, and wherein a second one of the first group of the
plurality of proximal electrodes has a second left atrial
pacing threshold associated therewaith.

In Example 10, the mmplantable medical system of
Example 9, wherein the second left atrial pacing threshold
exceeds the first left atrial pacing threshold.
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In Example 11, the mmplantable medical system of
Example 9 or 10, wherein the first one of the first group of
the plurality of proximal electrodes 1s operable as a left atrial
pacing electrode.

In Example 12, the implantable medical system of any of
Examples 9-11, wherein the first one of the first group of the
plurality of proximal electrodes 1s operable as a left atrial
sensing electrode.

In Example 13, the implantable system of any of
Examples 9-11, wherein the second one of the first group of
the plurality of proximal electrodes 1s operable as a left atrial
sensing electrode.

In Example 14, the implantable system of Example 9,
wherein the first one of the first group of the plurality of
proximal electrodes and the second one of the first group of
the plurality of proximal electrodes are operable, 1n combi-
nation, to pace the left atrium of the patient’s heart.

In Example 135, the implantable system of any of the
preceding Examples, wherein the pulse generator 1s config-
ured to deliver the pacing signal for treating bradyarrhyth-
mia or tachyarrhythmia.

In Example 16, a method of pacing a patient’s heart using,
an 1mplantable lead having a proximal region including at
least one proximal electrode positioned 1n a coronary sinus
or great cardiac vein of the patient’s heart and a distal region
positioned 1n a coronary vein of the patient’s heart such that
at least one of a plurality of distal electrodes 1s situated
proximate an intraventricular septum of the patient’s heart.
The method comprises sensing an atrial and a ventricular
signal of the patient’s heart via at least one of the proximal
clectrodes and one of the distal electrodes, respectively, and
determining a pacing threshold associated with each of the
plurality of distal electrodes. The method further comprises
selecting at least one of the plurality of distal electrodes that
have associated therewith right and left ventricular pacing,
thresholds, and delivering a pacing signal to the patient’s
heart via the selected at least one distal electrode, the
transmitted pacing signal causing a desired contraction of
both the right ventricle and the left ventricle.

In Example 17, the method of Example 16, wherein the
distal region of the implantable lead 1s positioned within an
anterior coronary vein.

In Example 18, the method Example 16, wherein select-
ing the at least one of the plurality of distal electrodes
includes selecting at least one distal electrode having asso-
ciated therewith right and left ventricular pacing thresholds
below a designated maximum pacing threshold value.

In Example 19, the method of Example 16, wherein
determining the pacing threshold associated with each of the
plurality of distal electrodes further comprises determining,
a right and left ventricle pacing threshold associated with a
first one of the plurality of distal electrodes and determining
a right and left ventricle pacing threshold associated with a
second one of the plurality of distal electrodes.

In Example 20, the method of Example 19, wherein the
first one of said plurality of distal electrodes has associated
therewith first right and left ventricular pacing thresholds
and the second one of the plurality of distal electrodes has
associated therewith second right and left ventricular pacing
thresholds, the second right and leit ventricular pacing
thresholds exceeding said first right and left ventricular
pacing thresholds.

In Example 21, the method of Example 16, further
comprising selecting the first one of the plurality of distal
clectrodes as a right and left ventricular pacing electrode.

In Example 22, the method of Example 21, further
comprising selecting the first one of the plurality of distal
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clectrodes or the second one of the plurality of distal
clectrodes as a right and left ventricular sensing electrode.

In Example 23, the method of Example 16, further
comprising selecting the first one of the plurality of distal
clectrodes and the second one of the plurality of distal
clectrodes to operate, 1n combination, to pace a right ven-
tricle and a left ventricle of the patient’s heart.

In Example 24, the method Example 23, wherein select-
ing the first one of the plurality of distal electrodes and the
second one of the plurality of distal electrodes to operate, 1n
combination, to pace a right ventricle and a left ventricle of
the patient’s heart 1s based on left and right ventricular
pacing thresholds associated with the first and said second
ones of the plurality of distal electrodes, in combination,
being less than the right and left ventricular pacing thresh-
olds of the first and the second one of the plurality of distal
clectrodes, individually.

In Example 23, the method of Example 16, wherein a first
group of the plurality of proximal electrodes 1s disposed
along the implantable lead distal to the one or more proximal
clectrodes positioned i1n the coronary sinus or the great
cardiac vein of the patient’s heart, and wherein the method
further comprises determining a left atrial pacing threshold
associated with a first one of the first group of the plurality
of proximal electrodes, and determining a left atrial pacing
threshold associated with a second one of said the first group
of the plurality of proximal electrodes, wherein the second
determined left atrial pacing threshold exceeds the first
determined left atrial pacing threshold, and selecting the first
one ol said the first group of the plurality of proximal
clectrodes as a left atrial pacing electrode based on the
second determined left atrial pacing threshold exceeding the
first determined left atrial pacing threshold.

In Example 26, the method of Example 25, further
comprising selecting the first one of the first group of the
plurality of proximal electrodes or the second one of the first
group of the plurality of proximal electrodes as a left atrial
sensing electrode.

In Example 27, the method of Example 25, further
comprising selecting the first one of the first group of the
plurality of proximal electrodes and the second one of the
first group of the plurality of proximal electrodes to operate,
in combination, to pace the left atrium of the patient’s heart.

In Example 28, a method of inserting an implantable lead
into a patient’s heart, the implantable lead having a proximal
region including a plurality of proximal electrodes and a
distal region including at least one distal electrode. The
method comprises inserting the implantable lead into the
patient’s heart via a superior vena cava or an inferior vena
cava, and positioning the implantable lead such that at least
a portion of the proximal region of the single pass implant-
able lead 1s positioned within a coronary sinus of the
patient’s heart and at least a portion of the distal region of
the single pass implantable lead 1s positioned within an
anterior coronary vein, with the at least one distal electrode
being positioned adjacent to an intraventricular septum of
the patient’s heart. The method further comprises electri-
cally connecting the single pass implantable lead to a pulse
generator or an implantable medical device, selecting a first
proximal electrode from the plurality of proximal electrodes
to operate as a right atrial pacing electrode based on a
measured right atrial pacing threshold associated with the
first proximal electrode, and selecting a second proximal
clectrode from the plurality of proximal electrodes to oper-
ate as a lelt atrial pacing electrode based on a measured left
atrial pacing threshold associated with the second proximal
clectrode. The method further comprises selecting a first




US 10,456,581 B2

S

distal electrode from the at least one distal electrode to
operate as a right ventricular and left ventricular pacing
clectrode based on measured right and left ventricular pac-
ing thresholds associated with the first distal electrode.

In Example 29, the method of Example 28, wherein the
first proximal electrode 1s positioned proximate a coronary
sinus ostium within the coronary sinus, and the second
proximal electrode 1s positioned within the coronary sinus or
a great cardiac vein and adjacent a myocardium of a left
atrium.

In Example 30, the method of Example 29, wherein the
plurality of proximal electrodes includes at least a third
proximal electrode positioned proximate the second proxi-
mal electrode and wherein the second proximal electrode 1s
selected based on the measured lett atrial pacing threshold
associated with the second proximal electrode being less
than a measured left atrial pacing threshold associated with
the third proximal electrode.

In Example 31, the method of Example 30, wherein the
third proximal electrode 1s designated as a left atrial sensing,
clectrode.

In Example 32, the method of Example 30, wherein the
third proximal electrode 1s also selected as a lett atrial pacing
clectrode such that the second and the third proximal elec-
trodes operate together to deliver a pacing signal to the
patient’s heart, wherein a measured left atrial pacing thresh-
old of the second and third proximal electrodes, in combi-
nation, being less than the measure left atrial pacing thresh-
old of the second and third proximal electrodes individually.

In Example 33, the method of Example 28, wherein the
plurality of proximal electrodes includes at least a fourth
proximal electrode positioned along the single pass lead
proximal of the first proximal electrode, the fourth proximal
clectrode being positioned within a right atrium and being
designated as a right atrial sensing electrode.

In Example 34, a method of performing biventricular
pacing of a patient’s heart using an implantable lead. The
method comprises positioning a proximal region of the
implantable lead such that one or more proximal electrodes
are positioned 1n a coronary sinus or the great cardiac vein
of the patient’s heart, and positioning a distal region of the

implantable lead 1n an anterior coronary vein of the patient’s
heart such that one or more distal electrodes are situated
adjacent to an intraventricular septum of the patient’s heart.
The method further comprises sensing an atrial and a
ventricular signal of the patient’s heart via one or more of
the proximal electrodes and distal electrodes, selecting at
least one distal electrode having associated therewith right
and left ventricular pacing thresholds below a designated
pacing threshold, and delivering, via a pulse generator
coupled to the implantable lead, a pacing signal to the
patient’s heart via the selected at least one distal electrode,
the delivered pacing signal causing a desired contraction of
both the right ventricle and the left ventricle.

In Example 35, the method of Example 34, wherein the
implantable lead includes a plurality of proximal electrodes,
a first one of the proximal electrodes being the proximal
clectrode positioned proximate the coronary sinus ostium of
the patient’s heart, the first one of the proximal electrodes
being operable to sense and pace at least the right atrium of
the patient’s heart.

While multiple embodiments are disclosed, still other
embodiments of the present invention will become apparent
to those skilled in the art from the following detailed
description, which shows and describes illustrative embodi-
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ments of the invention. Accordingly, the drawings and
detailed description are to be regarded as illustrative 1n
nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of an implantable system
including an exemplary implantable medical device and an
implantable lead 1n accordance with embodiments of the
present disclosure.

FIG. 2 1s a schematic view of an exemplary single pass
implantable lead 1n accordance with embodiments of the
present disclosure.

FIG. 3A 1s an illustration of an exemplary placement of a
single pass implantable lead 1n a patient’s heart 1n accor-
dance with embodiments of the present disclosure.

FIG. 3B 1s an 1llustration of another exemplary placement
of a single pass implantable lead 1n a patient’s heart 1n
accordance with embodiments of the present disclosure.

FIG. 3C 1s an 1llustration of another exemplary placement
of a single pass implantable lead 1n a patient’s heart 1n
accordance with embodiments of the present disclosure.

FIG. 3D 1s an 1llustration of another exemplary placement
of a single pass implantable lead in a patient’s heart 1n
accordance with embodiments of the present disclosure.

FIG. 3E 1s an illustration of another exemplary placement
of a single pass implantable lead 1n a patient’s heart 1n
accordance with embodiments of the present disclosure.

FIG. 3F 1s an illustration of another exemplary placement
of a single pass implantable lead 1n a patient’s heart 1n
accordance with embodiments of the present disclosure.

FIG. 3G 1s an illustration of another exemplary placement
of a single pass implantable lead 1n a patient’s heart 1n
accordance with embodiments of the present disclosure.

FIG. 4A 1s a schematic view of an exemplary single pass
implantable lead having an adjustable mntermediate region 1n
accordance with embodiments of the present disclosure.

FIG. 4B 1s a schematic view of another exemplary single
pass implantable lead having an adjustable intermediate
region 1n accordance with embodiments of the present
disclosure.

FIG. 4C 1s a schematic view of an exemplary single pass
implantable lead having a telescoping intermediate region 1n
accordance with embodiments of the present disclosure.

FIG. 4D 1s a schematic view of an exemplary single pass
implantable lead and intermediate region in accordance with
embodiments of the present disclosure.

FIG. 5 1s an enlarged schematic view of a region of an
exemplary single pass implantable lead 1n accordance with
embodiments of the present disclosure.

FIG. 6 1s an exemplary flowchart illustrating a method of
implanting a single pass implantable lead 1n accordance with
embodiments of the present disclosure.

While the mvention 1s amenable to various modifications
and alternative forms, specific embodiments have been
shown by way of example 1n the drawings and are described
in detail below. The intention, however, 1s not to limit the
invention to the particular embodiments described. On the
contrary, the mnvention 1s intended to cover all modifications,
equivalents, and alternatives falling within the scope of the
invention as defined by the appended claims.

DETAILED DESCRIPTION

FIG. 1 1s a schematic view of an implantable system 100
including an exemplary implantable medical device 102 and
an 1mplantable lead 104 in accordance with embodiments of
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the present disclosure. As shown, the system 100 includes
the implantable medical device 102 and the implantable lead
104. As indicated mn FIG. 1, the implantable lead 104
includes a proximal end, indicated generally at 106 and a
distal end, indicated generally at 108. Further, the implant-
able lead 104 may include a flexible lead body 110. As
shown in FIG. 1, the heart 112 includes a right atrium 114,
a right ventricle 116, a left atrium 118, a leit ventricle 120,
and a tricuspid valve 128. It can be seen that the heart 112
includes an epicardium 122 covering the myocardium 124.

The implantable medical device 102 may be implanted
subcutanecously within an implantation location or pocket 1n
the patient’s chest or abdomen. The implantable medical
device 102 may be any implantable medical device known
in the art or later developed, for detecting a cardiac condition
ol a patient and/or delivering an electrical therapeutic stimu-
lus to the patient. In various embodiments, the implantable
medical device 102 1s a pacemaker, an implantable cardio-
verter/defibrillator (ICD), a cardiac resynchronization
(CRT) device configured for pacing, and/or includes com-
binations of pacing, CRT, and defibrillation capabilities. In
embodiments 1n which the medical device 102 includes
defibrillation capabilities, the implantable lead 104 may
include one or more high voltage defibrillation coil elec-
trodes (not shown). In addition, or alternatively, the system
100 may utilize a separate right ventricular lead (not shown),
which may be of any design, now known or later developed,
having one or more high voltage defibrillation coil elec-
trodes for delivering high voltage defibrillation shocks. For
example, a separate right ventricular lead (not shown), may
be place 1n a patient’s right ventricle such that 1t 1s one or
more high voltage defibrillation coil electrodes are operable
to deliver one or more high voltage defibrillation shocks to
the patient’s heart tissue.

In one embodiment, the implantable medical device 102
1s capable of providing defibrillation therapy and may utilize
a subcutaneously implantable lead (not shown) 1n addition
with the implantable lead 104, which as discussed previ-
ously herein, may also include one or more high voltage
defibrillation coil electrodes.

The implantable medical device 102 may include a header
126. The header 126 may include one or more connector port
(not shown) to couple the implantable lead 104 to the
implantable medical device 102. The connector port of the
header electrically and physically contacts a connector
assembly (not shown) of the implantable lead 104. The
header 126 1s attached to a hermetically sealed enclosure
that contains a battery, electronic circuitry, and other com-
ponents known to those skilled 1n the art. Electrical contacts
(not shown) in the header 126 are any type known to those
skilled in the art that are electrically connected wvia
teedthroughs (not shown) mounted to extend through the
hermetically sealed enclosure in order to electrically couple
the implantable lead 104 with implantable medical device
102. Exemplary connectors that may be used 1in conjunction
with the implantable medical device 102 can include, but are
not limited to, a quadripolar (e.g., IS-4 or similar) connector,
a bipolar (e.g., IS-1 or similar) connector, or an IS-1 plus
IS-4, or an 1S-4 plus 1S-4 connected by a Y adaptor, or 1n
embodiments 1n which the medical device 102 has defibril-
lation capabilities, one or more DF-1 and/or DF-4 connec-
tors. In one embodiment, the connector may be an 8 terminal
ring connector. The electronic circuitry, included with the
header 126 and while not shown, 1s configured to as a
detection/energy delivery system configured to receive car-
diac rhythm signals from the electrode(s) (not shown) pro-
vided with the implantable lead 104.
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The lead body 110 of the lead 104 can be made from any
flexible, biocompatible material suitable for lead construc-
tion. In various embodiments, the lead body 110 1s made
from a flexible, electrically insulative material. In one
embodiment, the lead body 110 1s made from silicone. In
another embodiment, the lead body 110 1s made from
polyurethane. In various embodiments, respective segments
of the lead body 110 are made from different matenals, so
as to tailor the lead body 110 characteristics to its intended
clinical and operating environments. In various embodi-
ments, proximal and distal ends of the lead body 110 are
made from different maternials selected to provide desired
functionalities.

The implantable lead 104 may be a bipolar pacing lead
including a single terminal pin and ring electrode. In addi-
tion, the implantable lead 104 may be a multi-polar lett side
lead with two or more low-voltage electrodes. In various
embodiments, the implantable lead 104 may include one or
more ventricular electrodes, one or more right atrium (RA)
clectrodes, and one or more left atrtum (LA) electrodes. The
lead 104 may include electrodes for sensing the electrical
activity of the heart 112 and/or applying a stimulating pulse
to the right atrium 114, the left atrium 118, the right ventricle
116, and/or the left ventricle 120. The implantable lead 104
may include sensing capabilities (e.g., a pressure sensing/
pacing lead with a quadripolar type connector). More spe-
cifically, during therapy delivery, the circuitry provided with
the header 126 controls electrodes provided with the
implantable lead 104 to detect and/or measuring various
physiological parameters. Example parameters that can be
detected and/or measured include, but are not limited to,
transthoracic 1mpedance, respiratory rate, minute ventila-
tion, heart rate, heart rate vanability, cardiac dysynchrony,
activity, posture, blood chemistry, O2 saturation, heart
sounds, wall stress, strain, hypertrophy, inter-electrode
impedance, electrical timing delays (e.g., RA-LA terval,
AV mterval, Q-LV terval, etc.), cardiac pressure (e.g., RA
and/or coronary venous pressure), cardiac output, tempera-
ture, depolarization amplitudes, and depolarization timing.
Information from one or more of these physiological param-
cters may be used to adjust operating parameters such as the
amplitude, timing, and/or pulse width of the stimulus energy
delivered to the lead 104 from the implantable medical
device 102.

In various embodiments, 1f the single pass implantable
lead 1s implanted in the lateral or posterior vein, the single
pass implantable lead can provide CRT therapy for a patient
displaying an RV-LV asynchronous ventricular contraction.
Accordingly, the versatility of the single pass implantable
lead may be adapted for bradycardia therapy or tachycardia
therapy (e.g., via antitachycardia pacing) in addition to or in
lieu of CRT therapy.

FIG. 2 1s a schematic view of an exemplary single pass
implantable lead 200 1n accordance with embodiments of the
present disclosure. In certain instances and as discussed in
further detail below, the single pass implantable lead 200
may provide pacing to the left atrium (LLA), the right atrium
(RA), the left ventricle (LV), and/or the right ventricle (RV)
of a patient. Such a lead obwviates the need for a separate
pacing lead 1n the rnight atrium (RA) and/or the right ven-
tricle (RV). The single pass implantable lead 200 includes a
proximal region 202, a distal region 206, and an interme-
diate region 204 between the proximal region 202 and the
distal region 206. The proximal region 202 includes one or
more proximal electrodes 208, and the distal region 206
includes one or more distal electrodes 210. The one or more
proximal electrodes 208 and/or the one or more distal
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clectrodes 210 may be configured to sense and/or pace a
patient’s heart. In one embodiment, the proximal region 202
includes two or more proximal electrodes 208. In one
embodiment, the distal region 206 includes one or more
distal electrodes 210. In addition, the proximal region 202
may have a greater thickness (not shown) than the thickness
of the distal region 206. In certain instances, the proximal
region 202 may be thicker to enhance contact of the one or
more proximal electrodes 208 against a vessel wall. As 1s
shown i FIG. 2, the proximal region 202 includes two
proximal electrodes 208 and the distal region 206 includes
two distal electrodes 210. In certain instances, multiple
proximal electrodes 208 may be coupled to a common
conductor. As a result, the multiple proximal electrodes 208
may be configured to sense or pace simultaneously or in a
coordinated manner. In addition, multiple distal electrodes
210 may be coupled to a common conductor, and thus may
be configured to sense or pace simultaneously or in a
coordinated manner. The proximal electrodes 208 and distal
clectrodes 210 may be connected to different conductors.

Due to the spacing between the proximal region 202 and
the distal region 206, the proximal electrodes 208 and the
distal electrodes 210 may sense and/or pace different loca-
tions of the heart. For example, the distance “X” provided by
the mtermediate region 204, separating the proximal elec-
trodes 208 and the distal electrodes 210, may be provided
such that the proximal electrodes 208 are positionable 1n the
right atrium at the coronary sinus ostium (CS OS) 308 and
in the coronary sinus (CS) or the great cardiac vein (GCV).
In one embodiment, the distance “X” provided by the
intermediate region 204, separating the proximal electrodes
208 and the distal electrodes 210, may be provided such that
the distal electrodes 210 are positionable in the coronary
branch, over the septum between the left and right ven-
tricles, in close proximity to the mid-to-apex of the heart. In
some embodiments, the distance “X” may be between 2 cm
and 15 cm. As a result, the proximal electrodes 208 may be
configured to sense and/or pace the left atrtum and the right
atrium of the patient, and the distal electrodes 210 may be
configured to sense and/or pace the left ventricle and the
right ventricle of the patient. Although not shown, the single
pass implantable lead 200 may be coupled to an implantable
medical device via a connector 212.

FIG. 3A 1s an 1illustration 300 of an exemplary embodi-
ment, illustrating placement of a single pass implantable
lead 302 1n a patient’s heart 304 1n accordance with certain
embodiments of the present disclosure. The illustration 300
shows the heart 304 broken into the four quadrants: right
atrtum (RA), right ventricle (RV), left atrium (LLA), and lett
ventricle (LV). The single pass implantable lead 302 1s
shown entering the heart 304 via the superior vena cava 306,
and routed epicardially around the LA through the coronary
sinus ostium (CS OS) 308. In certain other embodiments, the
single pass implantable lead 302 may enter or be routed
through the inferior vena cava. A region of the single pass
implantable lead 302 around the LA includes one or more
proximal electrodes 310. In one embodiment, the one or
more proximal electrodes 310 may be anchored in and/or
contact the great cardiac vein (GCV) or coronary sinus (CS)
in a way to be adjacent to the myocardium of the LA or may
be anchored in and/or contact the myocardial sleeve of the
CS and GCV. From this position, the single pass implantable
lead 302 1s further routed through the vasculature of the
heart 304 to a position around the LV. The region of the
single pass implantable lead 302 that 1s routed between the
LA electrodes (310) and the LV electrodes (314) 1s an

intermediate portion 312. A region of the single pass
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implantable lead 302 on the LV includes one or more distal
clectrodes 314. The one or more distal electrodes 314 may
be positioned, for example 1n the coronary branch of the
heart 304.

FIG. 3B 1s an illustration 316 of another exemplary
embodiment, illustrating placement of a single pass implant-
able lead 1n a patient’s heart 330. Similar to the illustration
300 shown 1n FIG. 3A, the illustration 316 shows the heart
330 broken into the four quadrants: right atrium (RA), right
ventricle (RV), left atrtum (LA), and left ventricle (LV). In
this illustrated example, the single pass implantable lead 318
enters the heart 330 via the superior vena cava 320, and 1s
routed epicardially around the LA through the coronary
sinus ostium (CS OS) 322. A region of the single pass
implantable lead 318 on the LA includes one or more
proximal electrodes 324, which may be anchored 1n the great
cardiac vein (GCV) or coronary sinus (CS) 1n a way to be
adjacent to the myocardium of the LA or may be anchored
in and/or contact the myocardial sleeve of the CS and GCV.
From this position, the single pass implantable lead 318 may
be further routed through the vasculature of the heart 330 to
a position on or adjacent the LV. In the schematic shown 1n
FIG. 3B, the single pass implantable lead 318 1s routed
further within the vasculature toward the interventricular
septum between the LV and right ventricle (RV). An inter-
mediate portion 326 provides a sutlicient length to allow for
this routing. In addition, a region of the single pass implant-
able lead 318 on or adjacent the LV includes one or more
distal electrodes 328. The one or more distal electrodes 328
may be positioned, for example 1n the anterior vein adjacent
the ventricular septum of the heart 330.

FIG. 3C 1s an 1llustration 332 of an exemplary embodi-
ment, illustrating placement of a single pass implantable
lead 334 1n a patient’s heart 352 and utilized to treat certain
types of cardiac conditions, such as bradyarrythmias and the
like. The illustration 332 shows the heart 352 broken into the
four quadrants: right atrium (RA), right ventricle (RV), left
atrtum (LA), and left ventricle (LV). The single pass
implantable lead 334 1s shown entering the heart 352 via the
superior vena cava 336, and routed epicardially around the
LA through the coronary sinus ostium (CS OS) 338. A
region ol the single pass implantable lead 334 around the LA
includes two or more proximal electrodes 340 and 342. In
one embodiment, proximal electrode 340 may be anchored
in the coronary sinus (CS) at the coronary sinus ostium (CS
OS) 338 and may operate to sense and/or pace the right
atrium (RA). In one embodiment, electrode 342 may be
anchored 1n and/or contact the great cardiac vein (GCV) or
coronary sinus (CS) 1n a way to be adjacent to the myocar-
dium of the left atrium (LLA) or may be anchored in and/or
contact the myocardial sleeve of the CS and GCV and may
operate to sense and/or pace the left atrium (LA). From this
position, the single pass implantable lead 334 1s further
routed through the vasculature of the heart 352 such that the
one or more distal electrodes 344 are positioned above the
septum 3350 between the left ventricle (LV) and the right
ventricle (RV). In one such embodiment, the distal elec-
trodes 344 are positioned along the septum 350 1n close
proximity to the mid-to-apex 348 of the heart 352. In another
such embodiment, the distal electrodes 344 are positioned
along the septum 350 of the heart 348 at a more proximal
location relative to the mid-to-apex 348 of the heart 352. The
one or more distal electrodes 344 may be positioned, for
example 1n the coronary branch of the heart 352 and may
operate to sense and/or pace both the leit ventricle (LV) and
the right ventricle (RV). The region of the single pass
implantable lead 334 that 1s routed between the proximal
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clectrodes (340 and 342) and the distal electrodes (344) 1s an
intermediate portion (see discussion above).

FIG. 3D 1s an 1llustration 354 of an exemplary embodi-
ment, illustrating placement of a single pass implantable
lead 356 1n a patient’s heart 374 and utilized to treat certain
types of cardiac conditions, such as bradyarrythmias and the
like. The illustration 354 shows the heart 374 broken into the
four quadrants: right atrium (RA), right ventricle (RV), left
atrtum (LA), and left ventricle (LV). The single pass
implantable lead 356 1s shown entering the heart 374 via the
superior vena cava 358, and routed epicardially around the
left atrium (L A) through the coronary sinus ostium (CS OS)
360. A region of the single pass implantable lead 356 around
the left atrium (LA) includes a plurality of proximal elec-
trodes 362, 364, and 366. In one embodiment, proximal
clectrode 362 1s positioned within the right atrium (RA) of
the patient’s heart. In one embodiment, proximal electrode
362 1s a floating electrode and operates to sense the right
atrtum (RA). In one embodiment, proximal electrode 364
may be anchored 1n the coronary sinus (CS) at the coronary
sinus ostium (CS OS) 360 and may operate to sense and/or
pace the right atrium (RA). In certain other embodiments,
proximal electrode 364 may be a floating electrode floating,
in the CS. Additionally, 1n one embodiment, proximal elec-
trodes 366 may be anchored in and/or contact the great
cardiac vemn (GCV) or coronary sinus (CS) 1n a way to be
adjacent to the myocardium of the left atrium (LA) or may
be anchored 1n and/or contact the myocardial sleeve of the
CS and GCV, and may operate to sense and/or pace the left
atrtum (LA). In certain other embodiments, one or more of
proximal electrodes 366 may be floating within the GCV. In
various embodiments, electrodes 366a, 3665, 366¢, and
366d (or any other suitable electrodes at any of the other
locations along the single pass implantable lead) may be
located on a shape of a bias, as discussed herein, to increase
the chance of left atrtum (LA) myocardial wall contact and
lower the pacing threshold (as discussed herein). Addition-
ally and/or alternatively, electrodes 366a, 3665, 366¢, and
366d (or any other suitable electrodes at any of the other
locations along the single pass implantable lead) may be
connected with one conductor or multiple conductors to
increase the chance of left atrmum (LA) myocardial wall
contact and lower the pacing threshold (as discussed herein).

From this position, the single pass implantable lead 356 1s
turther routed through the vasculature of the heart 374 such
that the one or more distal electrodes 368 are positioned
above the septum 370 between the left ventricle (LV) and the
right ventricle (RV) in close proximity to the mid-to-apex of
the heart 372. The one or more distal electrodes 368 may be
positioned, for example 1n the coronary branch of the heart
374 and operate to sense and/or pace both the left ventricle
(LV) and the right ventricle (RV). The region of the single
pass implantable lead 356 that 1s routed between the proxi-
mal electrodes (362, 364, and 366) and the distal electrodes
(368) 1s an intermediate portion (see discussion above).

FIG. 3E 1s an 1llustration 354 of an exemplary embodi-
ment, illustrating placement of a single pass implantable
lead 378 1n a patient’s heart 390 and utilized to treat certain
types of cardiac conditions, such as left bundle branch block,
CRT and the like. The illustration 376 shows the heart 390
broken into the four quadrants: right atrmum (RA), right
ventricle (RV), left atrtum (LLA), and left ventricle (LV). The
single pass implantable lead 378 1s shown entering the heart
390 via the superior vena cava 380, and routed epicardially
around the left atrium (LA) through the coronary sinus
ostium (CS OS) 382. A region of the single pass implantable
lead 378 around the left atrtum (LLA) includes a plurality of
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proximal electrodes 384 and 386. In one embodiment,
proximal electrode 384 may be anchored in and/or contact
the coronary sinus (CS) at the coronary sinus ostium (CS
OS) 382 and may operate to sense and/or pace the right
atrium (RA). Additionally, 1n one embodiment, proximal
clectrodes 386 may be anchored 1n and/or contact the great
cardiac vein (GCV) or coronary sinus (CS) 1n a way to be
adjacent to the myocardium of the left atrmum (LA) or may
be anchored 1n and/or contact the myocardial sleeve of the
CS and GCV, and may operate to sense and/or pace the left
atrium (LA). From this position, the single pass implantable
lead 378 1s further routed through the vasculature of the
heart 390 such that the one or more distal electrodes 388 are
routed through the lateral or posterior coronary veins such
that one or more of the distal electrodes 388 are positioned
adjacent the left ventricle (LV). These one or more distal
clectrodes 388 operate to sense and/or pace the left ventricle
(LV). The region of the single pass implantable lead 378 that
1s routed between the proximal electrodes (384 and 386) and
the distal electrodes (388) 1s an intermediate portion (see
discussion above).

Referring now FIGS. 3F and 3G, exemplary embodiments
are provided, illustrating that the same single pass implant-
able lead (though indicated by different numerals 3002 and
3034, 3002 and 3034 for purposes of this example are in-fact
representative of the same single pass implantable lead) may
be implanted in a patient’s heart at different locations in the
anatomy. For example, in FIG. 3F, the single pass implant-
able lead 3002 1s positioned within the patient’s heart 1n a
first position (the distal end of the lead 1s positioned within
the anterior coronary branch), while the single pass implant-
able lead 3034 in FIG. 3G 1s positioned within the patent’s
heart 1n a second position (the distal end of the lead 1s
positioned within either the posterior or lateral branch).
Accordingly, 1n various embodiments, the various electrodes
may be assigned to a respective chamber of the heart
depending on their physical location after the single pass
implantable lead has been implanted. For example, 1n FIG.
3F electrode 3012 1s positioned within the coronary sinus
adjacent the patient’s left atrium, while 1n FIG. 3G electrode
3044 (which for purposes of this example 1s the same
clectrode as electrode 3012) 1s positioned within the
patient’s right atrium. Similarly, 1n FIG. 3F distal electrodes
3020 and 3022 are positioned within the anterior coronary
branch, while 1n FIG. 3G distal electrodes 3052 and 3054 are
positioned 1n a coronary branch different from the anterior
coronary branch (e.g., the posterior or lateral branch). In
these examples, 1t 1s evident that the same electrode may
also be selected to perform different functions based on 1ts
physical location. For example, in FIG. 3G electrode 3044
may operate as a tloating electrode that 1s selected to sense
the function of the patient’s right atrium, while electrode
3012 i FIG. 3F may operate to pace the patent’s left atrium
(or alternatively pace and sense the patient’s left atrium)
Thus, 1 various embodiments, the positioning of the single
pass implantable lead and the corresponding location of the
clectrodes thereon may be determinative of what function 1s
selected for those electrodes to perform.

In certain embodiments, the designation of an electrode’s
function may be determined aiter the single pass implantable
lead 1s implanted. For example, aifter implanting the single
pass implantable lead, the electrodes are tested (e.g., signals
are delivered to the surrounding tissue) and any resulting
signals (e.g., tissue stimulation) are recorded or observed.
This procedure operates to i1dentily the positioming of the
respective electrodes within the anatomy. This procedure
may be performed for each of the electrodes, or some subset
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of the electrodes (e.g., sequentially). In one embodiment,
once the positioning of the electrodes within the anatomy 1s
known, each of the electrodes (or some subset thereol) 1s
tested for 1ts elliciency, capacity, and/or performance in
sensing and pacing the respective heart chamber (or sur-
rounding tissue). In various embodiments, the system 1s
programmed (e.g., VDD mode, DDD mode, etc) and tailored
to accommodate the patient’s needs.

FIG. 4A 1s a schematic view of an exemplary single pass
implantable lead 400 having an adjustable intermediate
region 402 1n accordance with embodiments of the present
disclosure. The mtermediate region 402 may comprise a
flexible region that allows for damping of forces that may
pull or push the single pass implantable lead 400 when
implanted. As described 1n further detail below with refer-
ence to FIG. 5, a proximal region 404 and/or a distal region
406 of the single pass implantable lead 400 may include
anchoring features that may be provided by biasing the
proximal region 404 and the distal region 406. In addition,
the proximal region 404 and the distal region 406 respec-
tively include proximal electrodes 408, 410, 412 and distal
clectrodes 414, 416, 418. Although the single pass implant-
able lead 400 1s shown as including three proximal elec-
trodes 408, 410, 412 and three distal electrodes 414, 416,
418, other electrode quantities are also contemplated. The

proximal region 404 and the distal region 406 may be
biased, as shown 1n FIG. 4A, to contact a vessel wall and
provide anchoring of the proximal region 404 and the distal
region 406 thereto. Anchoring in this manner may be atrau-
matic to the vessel wall. As a result of the adjustable
intermediate region 402 comprising a flexible material that
allows for the adjustable intermediate region 402 to com-
press and stretch (and/or expand and contract), forces that
may alter or displace the anchoring function of the proximal
region 404 and the distal region 406 are dampened or
absorbed by the adjustable mtermediate region 402, which
enhances anchoring and accurate placement of the single
pass implantable lead 400. In addition, the adjustable inter-
mediate region 402 may be adjustable by including a mate-
rial composition having a lower durometer than the proximal
region 404 and the distal region 406. Alternatively or in
addition thereto, the adjustable intermediate region 402 may
be adjustable by including a material composition having a
lesser thickness than the proximal region 404 and the distal
region 406. As a result, the adjustable intermediate region
402 may have a greater tlexibility and/or elasticity than the
proximal region 404 and the distal region 406.

FIG. 4B 1s a schematic view of another exemplary single
pass implantable lead 420 having an adjustable intermediate
region 422 in accordance with embodiments of the present
disclosure. As shown in FIG. 4B, the mtermediate region
422 may comprise slack, similar to an accordion or coil, that
allows for damping of forces that may pull or push the single
pass 1mplantable lead 420 when implanted. A proximal
region 424 and a distal region 426 of the single pass
implantable lead 420 may include biased portions having,
respectively, proximal electrodes 428, 430, 432 and distal
electrodes 434, 436, 438. The slack i1n the intermediate
region 422 allows for the proximal electrodes 428, 430, 432
and the distal electrodes 434, 436, 438 to remain 1n contact
with a vessel wall by way of the mtermediate region 422
absorbing or mitigation forces that may displace the anchor-
ing provided by the biased portions of the proximal region
424 and the distal region 426. The biased portions of the
proximal region 424 and the distal region 426 may provide
anchoring of the single pass implantable lead 420 without
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having to puncture, penetrate, or cause damage to the vessel
wall of the heart, 1.e., anchoring may be achieved 1n an
atraumatic manner.

FIG. 4C 1s a schematic view of an exemplary single pass
implantable lead 440 having a telescoping intermediate
region 442 in accordance with embodiments of the present
disclosure. As shown 1n FIG. 4C, the telescoping interme-
diate region 442 includes at least one overlapping region 444
of material that allow for the telescoping intermediate region
442 to stretch and contract. In this manner, the telescoping
intermediate region 442 allows for damping of forces that
push and pull on the single pass implantable lead 440.
Portions on the single pass implantable lead 440 on either
side of the telescoping intermediate region 442 may be
configured to translate 1n and out of the telescoping inter-
mediate region 442. In certain instances, only a distal region
of the single pass implantable lead 440 may telescope 1n and
out of the telescoping intermediate region 442. In other
instances, only a proximal region of the single pass implant-
able lead 440 may telescope 1 and out of the telescoping
intermediate region 442. As a result, the telescoping inter-
mediate region 442 allows for stable placement of a proxi-
mal region 446 and a distal region 448 of the single pass
implantable lead 440. The proximal region 446 and the distal
region 448 may include biased portions having, respectively,
proximal electrodes 450, 452, 454 and distal electrodes 456,
458, 460. The biased portions may ensure that the proximal
electrodes 450, 452, 454 and the distal electrodes 456, 458,
460 contact, and are anchored to, a vessel wall of the heart
in a way that at least one electrode contacts the myocardium
wall side of the LA and LV. Anchoring in this manner may
be atraumatic to the vessel wall. The telescoping interme-
diate region 442 a length adjustment of the single pass
implantable lead 440, which enhances the ability of the
anchoring provided by the biased portions of the proximal
region 446 and the distal region 448. Altheugh not explicitly
shown, the thickness of the proximal region 446 and the
distal region 448 may be equal In other instances, the
thickness of the proximal region 446 may be greater than the
thickness of the distal region 448, and vice versa.

FIG. 4D 1s a schematic view of an exemplary single pass
implantable lead 462 and intermediate region 464 1n accor-
dance with embodiments of the present disclosure. As
shown 1n FIG. 4D, the proximal region 466 and the distal
region 468 include proximal electrodes 478, 480, 482 and
distal electrodes 472, 474, 476. The distal region 468 may
include a tine configured to anchor the distal region 468 to
a vessel wall. The proximal region 466 1s shown as having
a biased portion which 1s configured to anchor the proximal
region 466 to the vessel wall. Although not explicitly shown,
the proximal region 466 may also include a tine configured
to anchor the proximal region 466 to the vessel wall. Further,
the proximal region 466 and/or the distal region 468 may
include a bias to enhance contact of the proximal electrodes
478, 480, 482 and distal electrodes 472, 474, 476 against the
Vessel wall in a way that at least one electrode contacts the
myeeardlal wall side of the vessel 510 in FIG. 5. Anchoring
in this manner may be atraumatic to the vessel wall

In each of the arrangements shown 1n FIGS. 4A-4D, the
illustrative single pass implantable lead 1s not intended to
suggest any limitation as to the scope of use or functionality
of embodiments of the present invention. Neither should the
illustrative single pass implantable lead be interpreted as
having any dependency or requirement related to any single
component or combination of components illustrated
therein. Additionally, any one or more of the components
depicted 1n FIG. 4 may be, 1n embodiments, integrated with
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vartous ones of the other components depicted therein
(and/or components not illustrated), all of which are con-
sidered to be within the ambait of the present invention. For
example, the single pass implantable lead 400, shown 1n
FIG. 4A, may include a tine, or a telescoping intermediate
region as 1s shown in FIG. 4C.

FIG. 5 1s an enlarged schematic view of a region 500 of
an exemplary single pass implantable lead 502 1n accor-
dance with embodiments of the present disclosure. As
shown 1n FIG. 5, the implantable lead 502 1s inserted at a
target region within a blood vessel 504. The enlarged region
500 of the implantable lead 502 shown may be either a
proximal region or a distal region of the implantable lead
502 as discussed above with reference to FIGS. 2, and 4A-D.

Each region 500 of the implantable lead 502 may include
one or more electrodes. As shown 1n FIG. S, the region 500
includes two electrodes 506, 508, cach of which may be
coupled to a corresponding cable conductor or coil conduc-
tor within the interior of the lead 502. An implantable
medical device such as a pulse generator may supply elec-
trical pulses to the electrodes 506, 508 for pacing one or
more regions (or chambers) of the heart and/or for sensing
cardiac electrical activity. Stmilarly, the implantable medical
device may supply electrical pulses to electrodes 1n the other
region of the implantable lead 502 (not shown) for pacing
one or more other regions (or chambers) of the heart and/or
for sensing cardiac electrical activity.

In one embodiment, each region 500 of the implantable
lead 502 may be configured to anchor within the vessel 504.
Each region 500 of the mmplantable lead 502 may be
configured to anchor by pre-biasing of one or more portions
of the implantable lead 502. Pre-biasing of one or more
portions (either one of or both of the proximal region and the
distal region) may configure the implantable lead 3502 to
engage a wall of blood vessel to secure the implantable lead
502 1n a location along the vessel. Engagement of the blood
vessel wall may be such that the vessel wall 1s not penetrated
by the lead 502. The biasing may occur by way of a material
transition region 512 that provides a natural turn or curve in
the implantable lead 502 due to the transition. The material
transition region 512 may be provided proximal or distal to
at least one of the electrodes 506, 508. The material transi-
tion region may be the result of the implantable lead 502
transitioming between polyurethane and silicone. The
anchoring allows for positioning of the implantable lead 502
within the vessel 504. As shown 1n FIG. 5, the implantable
lead 502 1s anchored against the myocardial wall side 510 of
the vessel rather than the myocardium-iree wall side 514 of
the vessel 504. As a result, the implantable lead 502 may be
secured 1n place such that the electrodes 506, 508 contact the
myocardial wall side 510 of the vessel 504 to provide pacing,
to the desired cardiac chamber (e.g., LA or LV) and/or for
sensing cardiac electrical activity.

As discussed above, and as illustrated herein, 1n various
embodiments, the implantable lead includes a plurality of
proximal electrodes and plurality of distal electrodes. In one
embodiment, one or more electrodes of the plurality of
proximal electrodes may be designed to operate as pacing
clectrodes, while one or more other electrodes of the plu-
rality of proximal electrodes may be designated to operate as
sensing electrodes.

In one embodiment, the system 1s configured to select the
clectrodes (or combination of electrodes) that are designated
to operate as pacing electrodes based on some predeter-
mined criteria, such as a pacing threshold (e.g., an amount
of energy required to successtully pace a target region of the
heart). In one such embodiment, as discussed in greater
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detail below, the pacing threshold associated with a particu-
lar plurality of electrodes may be analyzed individually and
in combination to determine an optimal pacing configura-
tion. In one embodiment, an electrode may be selected based
on 1its associated pacing threshold being below a designated
threshold value. In another embodiment, a combination of
clectrodes 1s configured to operate together based on their
combined pacing threshold being below a designated thresh-
old. In various embodiments, a designation of pacing and
sensing electrodes 1s completed for each target region of the
heart.

For example, referring now to the exemplary tflowchart
600 of FIG. 6 illustrating a method of implanting and
configuring a single pass implantable lead, 1n one embodi-
ment, the single pass lead 1s positioned within the heart as
desired at block 602. In one embodiment, the single pass
lead 1s positioned within the heart based on the patient’s
heart condition (e.g., bradyarrhythmia, tachyarrhythmia,
heart failure). In one embodiment, block 602 1ncludes posi-
tioning a floating electrode within the rnight atrium (RA)
and/or positioning another electrode at the coronary sinus
ostium (CS OS) 1n the coronary sinus (CS) to sense and pace
the right atrium (RA). In one embodiment, block 602 also
includes positioning one or more electrodes within the
coronary sinus (CS) or the great cardiac vein (GCV) adja-
cent the myocardium of the left atrium (LA) or may be
anchored 1n and/or contact the myocardial sleeve of the CS
and GCV to sense and pace the left atrtum (LA). In one
embodiment, block 602 also includes positioning one or
more distal electrodes within the anterior coronary branch
adjacent to the septum separating the right and left ventricles
to sense and pace both the nght ventricle (RV) and the left
ventricle (LV) (e.g., 1n a bradyarrhythmia case).

Once properly positioned within the heart, the single pass
lead 1s connected to a pulse generator at block 604. The
pulse generator operates 1n accordance with the single pass
lead to both sense and pace the patient’s heart. At block 606
one or more of the plurality of electrodes are initially utilized
(etither individually or 1n some combination) to sense the
atrial signal of the heart, and one or more of the plurality of
clectrodes are mitially utilized (either individually or in
some combination) to sense the ventricular signal of the
heart. For example, referring back to FIG. 3D, in one
embodiment, electrode 362 1s mitially utilized to sense the
right atrium (RA), electrode 3664 1s mitially utilized to sense
the left atrium (LLA), and electrode 368a 1s mitially utilized
to sense both the night and left ventricles. It should be
appreciated, however, that more than one electrode may be
initially utilized to sense a particular region of the heart. For
example, in one embodiment, electrodes 366a and 366¢ may
be mitially utilized to sense the left atrium (LA).

Referring back now to FIG. 6, at block 608 the system
performs heart rhythm i1dentification and determines any
associated timing delays (e.g., to account for an intrinsic
right atrtum (RA) to left atrium (LA) delay, or atrial to
ventricular delay). At block 610, the system designates
which electrodes are to operate as pacing electrodes. In one
embodiment, the system cycles through and analyzes each
clectrode 1n the order 1n which 1t 1s positioned along the
single pass lead. In another embodiment, the system ana-
lyzes a grouping of electrodes that are designated for sensing
and/or pacing a particular region of the heart (such as the left
atrium (LA)). In yet other embodiments, the electrodes are
analyzed based on one or more determinations made during
the sensing phase of block 606. Thus, while the example
discussed below illustrates a particular order, 1t should be
appreciated that such disclosure shall not be interpreted as
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limiting and that the plurality of electrodes may be analyzed
in any order without departing from the scope of the present
disclosure.

In one embodiment, the electrodes are analyzed according,
to a predesignated association with a particular region of the
heart. For example, referring to FIG. 3D, electrodes 362 and
364 are predesignated to sense and/or pace the right atrium
(RA). Similarly, for example, electrodes 366a-366d arc
predesignated to sense and/or pace the left atrium (LA).
Likewise, for example, electrodes 368a and 3686 are pre-
designated to sense and/or pace both the right ventricle (RV)
and the left ventricle (LV). In one embodiment, a determi-
nation 1s made as to which of electrodes 362 and 364 have
the lowest pacing threshold for pacing the right atrium (RA).
In one embodiment, because electrode 364 1s situated at the
coronary sinus ostium (CS OS) within the coronary sinus
(CS) and electrode 362 1s floating within the right atrium
(RA), 1t 1s likely that electrode 364 will have a lower pacing
threshold with regard to pacing the night atrmum (RA)
relative to electrode 362. Accordingly, i1 electrode 364 has
such a lower pacing threshold, the system will designate
clectrode 364 as a pacing electrode. In one embodiment, the
system may also designate electrode 364 as a sensing
clectrode (alone, or in combination with electrode 362).

In one embodiment, a determination 1s also made as to
which of electrodes 366a-3664 (either individually, or in
combination) have the lowest (or alternatively, a desired)
pacing threshold for pacing the left atrtum (LA). In one
embodiment, such a determination 1s made by attempting to
pace the left atrtum (LLA) with each of electrodes 366a-366d
individually. In one embodiment, the system additionally
analyzes combinations of the electrodes 366a-366d to deter-
mine 1 a particular combination of electrodes 366a-366d
has a desirably low pacing threshold. In one embodiment, a
single one of electrodes 366a-366d (such as electrode 366a)
may be associated with a desired pacing threshold. In
another embodiment, a combination of less than all of
clectrodes 366a-366d (such as electrode 3666 and 366¢
combined as the anode) may be associated with a desired
pacing threshold. In yet another embodiment, a combination
of all of the electrodes 366a-3664 may be associated with a
desired pacing threshold. Specifically, a combination of two
or more electrodes selected as anodes may decrease the
pacing threshold of another one of the electrodes selected as
the cathode. For example, electrode 366a and electrode 3665
are selected and combined as the anode and electrode 366¢
1s selected as the cathode, wherein the configuration will
decrease the pacing threshold of electrode 366¢. In another
example, two or more electrodes (such as electrodes 366a
and 366b) are selected as the cathode 1n order to increase the
chance of myocardium contact. In such an example, the
anode will be the PG or some other electrode(s) along the
single pass implantable lead.

In such embodiments, the system determines which con-
figuration of one or more of the electrodes 1s associated with
the most desirable pacing threshold. It should be appreciated
that the configuration selected may not be that configuration
having the lowest pacing threshold, but may instead be a
configuration that has a pacing threshold below a designated
pacing threshold that utilizes a desired quantity and/or
location of the electrodes 366a-366d. Thus, 1n some embodi-
ments, both the pacing threshold and the required quantity of
clectrodes associated with that pacing threshold are consid-
ered when making such a determination. In certain embodi-
ment, two or more pacing sites may be utilized 1n the RA
and/or the LA to suppress and/or prevent, for example, atrial
tachycardia.
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In one embodiment, a determination 1s also made as to
which of electrodes 368a and/or 36856 (either individually, or
in combination) have the lowest (or alternatively, a desired)
pacing threshold for pacing the nght ventricle (RV) and the
left ventricle (LV) (e.g., 1n a bradyarrhythmia case). In one
embodiment, such a determination i1s made by attempting to
pace the rnight and left ventricles with each of electrodes
368a and 3685 individually. In one embodiment, the system
additionally tests electrodes 368a and 36856 1n combination
to determine 11 the combination of electrodes has a desirably
low pacing threshold. In such embodiments, the system
determines which configuration of one or more of the
clectrodes 1s associated with the most desirable pacing
threshold. As discussed above, 1t should be appreciated that
the configuration selected may not be that configuration
having the lowest pacing threshold, but may instead be a
configuration that has a pacing threshold below a designated
pacing threshold that utilizes a desired quantity and/or

location of the electrodes. For example, referring back to
FIG. 3E, electrodes 388a, 3885, and 388¢ may be selected

based on a patient’s hemodynamic response to various
pacing configuration tests. It should be appreciated that the
configuration of electrodes selected for various pacing
schemes may be subsequently altered (and a different con-
figuration of selected electrodes may be selected for pacing)
based on remodeling changes after long-term CRT therapy.

Referring back now to FIG. 6, at block 612 the system
designates a pacing therapy schedule based on the patient’s
needs. In one embodiment, the system selects one of a
plurality of prearranged pacing therapy schedules. In
another embodiment, the system determines a pacing
therapy schedule unique to the patient based on the intrinsic
hemodynamics of the patient’s heart (e.g., accounting for
intrinsic time delays and the like). In yet another embodi-
ment, the system modifies a prearranged pacing therapy
schedule to conform to the needs of the patient. In one
example embodiment, where a patient exhibits an abnor-
mally long RA-LA delay, the system can be configured such
that the electrodes on the single pass implantable lead are
designated to emit a signal to pace the LA after an RA
contraction has been sensed. Such a procedure may operate
to shorten the RA-LA delay and improve overall hemody-
namics.

As discussed above, the single pass lead includes a
plurality of electrodes. In one embodiment, each of the
clectrodes of the single pass lead 1s uni-polar electrodes that
operate with one or more other electrodes, or the pulse
generator itself to deliver pacing signals. In another embodi-
ment, each of the electrodes of the single pass lead 1s a
bi-polar electrode. In yet another embodiment, one or more
of the electrodes of the single pass lead 1s a uni-polar
clectrode and one or more other electrodes of the single pass
lead 1s a bi-polar electrode.

Additionally, as discussed above, two or more of the
clectrodes may be utilized 1n combination to deliver a pacing
signal. In one such embodiment, one of the electrodes
operates as the anode, while another one of the electrodes
operates as the cathode. In another such embodiment, a
plurality of the eclectrodes operate as the anode, while
another one of the electrodes operates as the cathode. In yet
another such embodiment, one of the electrodes operates as
the anode, which a plurality of the other electrodes operate
as the cathode. In yet another such embodiment, a plurality
of the electrodes operate as the anode, while a plurality of
the other electrodes operate as the cathode. It should thus be
appreciated that any number and associated combination of
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clectrodes may be utilized to deliver pacing signals to the
desired regions of the heart without departing from the scope
of the present disclosure.

Additionally, as discussed above, 1n various embodi-
ments, one or more of the electrodes may operate to both
sense and pace a targeted region of the patient’s heart. For
example, referring back to FIG. 3C, in one embodiment,
clectrode 340 (which 1s positioned at the coronary sinus
ostium (CS OS) within the coronary sinus (CS)) operates to
both sense the right atrium (RA) and pace the right atrium
(RA). Likewise, electrode 342 (which 1s positioned within
the coronary sinus (CS) adjacent the myocardium of the left
atrtum (LA) or may be anchored in and/or contact the
myocardial sleeve of the CS and GCV) operates to both
sense the left atrtum (LA) and pace the left atrrum (LA).
Moreover, regardless of whether there are a plurality of
clectrodes available for sensing and pacing a particular
region of a patient’s heart, 1n some embodiments, a subset of
those electrodes may be utilized to do so. For example,
despite single pass lead 334 including a plurality of distal
clectrodes 344a and 3445H, the system may only operate to
utilize distal electrode 344a to sense and pace both the left
and right ventricles.

In one embodiment, such a configuration may arise as a
result of a maltunctioning electrode (i.e., electrode 3445H
does not sufliciently sense and/or pace the left and nght
ventricles). In another embodiment, such a configuration
may arise as a result of the patient’s heart condition chang-
ing 1n some manner that renders one of the electrodes
ineflective (such as through a deterioration of the tissue
surrounding the electrode, or through increased resistance or
the like). Importantly, under these types of conditions, the
system 1s operable to determine that one or more of the
sensors 1s mellective (or have become ineflective) and, as a
result, modily the pacing and/or sensing configuration of the
clectrodes (by designating another one of the electrodes to
assume a pacing and/or sensing role). Such versatility pro-
vides for a reliable and long-lasting system that can accom-
modate unpredictable dynamic changes 1n a patient’s heart
including myocardial 1schemic events, cardiac remodeling,
ctc. without a need to manipulate the positioning of the lead
or the electrodes on the lead.

It should also be appreciated that the above-discussed
structure and orientation of electrodes on the proximal and
distal regions of the single pass lead may be utilized in any
of the embodiments (or examples) disclosed herein. Further,
the 1llustrations and corresponding descriptions thereof shall
not be limiting 1n any respect. For example, the quantity of
clectrodes may be any desired quantity and may be situated
along the single pass lead in any desired configuration,
orientation, groupings and the like.

It should also be appreciated that arranging the single pass
implantable lead in the heart as described avoids crossing
the tricuspid and mitral valves of the patient. For example,
the arranging the proximal region may include arranging a
portion of the lead and one or more of the proximal
clectrodes 1n the patient’s great cardiac vein (GCV) and
coronary sinus (CS). From this position, the distal region
and distal electrodes are further arranged 1n the patient’s
coronary branch.

As described, the certain embodiments of the system
provide for a method of sensing and/or pacing a cardiac
rhythm of the left and/or right atrtum of the patient via one
or more proximal electrodes. In other words, while possible,
the system does not require both RA and the LA electrodes,
and embodiments are envisioned wherein the system
includes electrodes either the LA or the RA (but not both).
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The positioming of the distal electrodes over the septum
between the right and left ventricles (the intraventricular
septum), as described above, provides for a method of
sensing a cardiac rhythm of the left and nght ventricles of
the patient via one or more distal electrodes, and also
provides for a method of pacing both the left and right
ventricles ol (biventricular pacing). In certain instances,
transmitting a pacing signal via one or more of the distal
clectrode 1ncludes transmitting a pacing signal into the
septum between the right and left ventricles (the intraven-
tricular septum), wherein the signal propagates down the
intraventricular septum to the mid-to-apex of the heart,
causing stimulation of the surrounding tissue and thereby
causing the leit and right ventricles to contract. Or a pacing
signal transmits through both right and left ventricular
myocardium, wherein the signal propagates to both ven-
tricles to cause contract simultaneously. In other words, both
the rnight ventricle (RV) and the left ventricle (LV) are
intentionally paced.
Various modifications and additions can be made to the
exemplary embodiments discussed without departing from
the scope of the present invention. For example, while the
embodiments described above refer to particular features,
the scope of this ivention also includes embodiments
having different combinations of features and embodiments
that do not include all of the described features. Accordingly,
the scope of the present invention 1s imntended to embrace all
such alternatives, modifications, and variations as fall within
the scope of the claims, together with all equivalents thereof.
We claim:
1. A method of pacing a patient’s heart using an 1implant-
able lead including a plurality of proximal electrodes and a
plurality of distal electrodes, the implantable lead having a
proximal region including at least one of the plurality of
proximal electrodes positioned 1n a coronary sinus or great
cardiac vein of the patient’s heart and a distal region
positioned 1n a coronary vein of the patient’s heart such that
at least one of the plurality of distal electrodes 1s situated
proximate an intraventricular septum of the patient’s heart,
the method comprising:
sensing an atrial and a ventricular signal of the patient’s
heart via at least one of the proximal electrodes and at
least one of the distal electrodes, respectively;

determiming a pacing threshold associated with each of
the plurality of distal electrodes;

selecting at least one of the plurality of distal electrodes

that have associated therewith right and left ventricular
pacing thresholds; and

delivering a pacing signal to the patient’s heart via the

selected at least one distal electrode, the transmitted
pacing signal causing a desired contraction of both the
right ventricle and the left ventricle.

2. The method of claim 1, wherein the distal region of the
implantable lead 1s positioned within an anterior coronary
veln.

3. The method of claim 1, wherein selecting the at least
one of the plurality of distal electrodes includes selecting at
least one distal electrode having associated therewith right
and left ventricular pacing thresholds below a designated
maximum pacing threshold value.

4. The method of claim 1, wherein determining the pacing
threshold associated with each of the plurality of distal
clectrodes further comprises determining a right and left
ventricle pacing threshold associated with a first one of the
plurality of distal electrodes and determining a right and left
ventricle pacing threshold associated with a second one of
the plurality of distal electrodes.
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5. The method of claim 4, wherein the first one of said
plurality of distal electrodes has associated therewith first
right and left ventricular pacing thresholds and the second
one of the plurality of distal electrodes has associated
therewith second right and left ventricular pacing thresholds,
the second night and left ventricular pacing thresholds
exceeding said first right and left ventricular pacing thresh-
olds.

6. The method of claim 1, further comprising selecting a
first one of the plurality of distal electrodes as a right and left
ventricular pacing electrode.

7. The method of claim 6, further comprising selecting the
first one of the plurality of distal electrodes or a second one
of the plurality of distal electrodes as a right and left
ventricular sensing electrode.

8. The method of claim 1, further comprising selecting a
first one of the plurality of distal electrodes and a second one
of the plurality of distal electrodes to operate, 1n combina-
tion, to pace a right ventricle and a left ventricle of the
patient’s heart.

9. The method claim 8, wherein selecting the first one of
the plurality of distal electrodes and the second one of the
plurality of distal electrodes to operate, 1n combination, to
pace a right ventricle and a left ventricle of the patient’s
heart 1s based on left and right ventricular pacing thresholds
associated with the first and said second ones of the plurality
of distal electrodes, 1n combination, being less than the right
and left ventricular pacing thresholds of the first and the
second one of the plurality of distal electrodes, individually.

10. The method of claim 1, wherein a first group of the
plurality of proximal electrodes 1s disposed along the
implantable lead distal to the at least one proximal elec-
trodes positioned 1n the coronary sinus or the great cardiac
vein of the patient’s heart, and wherein the method further
comprises determining a leit atrial pacing threshold associ-
ated with a first one of the first group of the plurality of
proximal electrodes, and determining a left atrial pacing
threshold associated with a second one of said the first group
of the plurality of proximal electrodes, wherein the second
determined left atrial pacing threshold exceeds the first
determined left atrial pacing threshold, and selecting the first
one of the first group of the plurality of proximal electrodes
as a left atrial pacing electrode based on the second deter-
mined left atnal pacing threshold exceeding the first deter-
mined left atrial pacing threshold.

11. The method of claim 10, further comprising selecting
the first one of the first group of the plurality of proximal
clectrodes or the second one of the first group of the plurality
of proximal electrodes as a leit atrial sensing electrode.

12. The method of claim 10, further comprising selecting
the first one of the first group of the plurality of proximal
clectrodes and the second one of the first group of the
plurality of proximal electrodes to operate, 1n combination,
to pace the left atrtum of the patient’s heart.

13. A method of inserting an implantable lead mto a
patient’s heart, the implantable lead having a proximal
region including a plurality of proximal electrodes and a
distal region including at least one distal electrode, the
method comprising:

inserting the implantable lead 1nto the patient’s heart via

a superior vena cava or an inferior vena cava;
positioning the implantable lead such that at least a
portion of the proximal region of the single pass
implantable lead 1s positioned within a coronary sinus
of the patient’s heart and at least a portion of the distal
region of the single pass implantable lead 1s positioned
within an anterior coronary vein, with the at least one
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distal electrode being positioned adjacent to an intra-
ventricular septum of the patient’s heart;
clectrically connecting the single pass implantable lead to
a pulse generator or an implantable medical device;

selecting a first proximal electrode from the plurality of
proximal electrodes to operate as a right atrial pacing
clectrode based on a measured right atrial pacing
threshold associated with the first proximal electrode;

selecting a second proximal electrode from the plurality
of proximal electrodes to operate as a left atrial pacing
clectrode based on a measured left atrial pacing thresh-
old associated with the second proximal electrode; and

selecting a first distal electrode from the at least one distal
clectrode to operate as a right ventricular and left
ventricular pacing electrode based on measured right
and leit ventricular pacing thresholds associated with
the first distal electrode.

14. The method of claim 12, wherein the first proximal
clectrode 1s positioned proximate a coronary sinus ostium
within the coronary sinus, and the second proximal electrode
1s positioned within the coronary sinus or a great cardiac
vein and adjacent a myocardium of a left atrium.

15. The method of claim 13, wherein the plurality of
proximal electrodes includes at least a third proximal elec-
trode positioned proximate the second proximal electrode
and wherein the second proximal electrode 1s selected based
on the measured left atrial pacing threshold associated with
the second proximal electrode being less than a measured
left atrial pacing threshold associated with the third proximal
clectrode.

16. The method of claim 15, wherein the third proximal
clectrode 1s designated as a left atrial sensing electrode.

17. The method of claim 15, wherein the third proximal
clectrode 15 also selected as a left atrial pacing electrode such
that the second and the third proximal electrodes operate
together to deliver a pacing signal to the patient’s heart,
wherein a measured left atrial pacing threshold of the second
and third proximal electrodes, 1n combination, being less
than the measure left atrial pacing threshold of the second
and third proximal electrodes 1individually.

18. The method of claim 13, wherein the plurality of
proximal electrodes includes at least a fourth proximal
clectrode positioned along the single pass lead proximal of
the first proximal electrode, the fourth proximal electrode
being positioned within a right atrium and being designated
as a right atrial sensing electrode.

19. A method of performing biventricular pacing of a
patient’s heart using an implantable lead including one or
more proximal electrodes and one or more distal electrodes,
the method comprising:

positioning a proximal region of the implantable lead such

that the one or more proximal electrodes are positioned
in a coronary sinus or the great cardiac vein of the
patient’s heart;
positioning a distal region of the implantable lead 1n an
anterior coronary vein of the patient’s heart such that
the one or more distal electrodes are situated adjacent
to an intraventricular septum of the patient’s heart;

sensing an atrial and a ventricular signal of the patient’s
heart via the one or more proximal electrodes and the
one or more distal electrodes;

selecting at least one distal electrode of the one or more

distal electrodes having associated therewith right and
left ventricular pacing thresholds below a designated
pacing threshold;

delivering, via a pulse generator coupled to the implant-

able lead, a pacing signal to the patient’s heart via the
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selected at least one distal electrode, the delivered
pacing signal causing a desired contraction of both the
right ventricle and the left ventricle.

20. The method of claim 19, wherein the implantable lead
includes a plurality of proximal electrodes, a first one of the
plurality of proximal electrodes being positioned proximate
the coronary sinus ostium of the patient’s heart, the first one
of the proximal electrodes being operable to sense and pace
at least the right atrium of the patient’s heart.
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